subject of resuscitation from time to time, for anesthesia is a pathological process which involves the abolition of sensations and reflexes; the means whereby it is produced necessitate also the production of paralysis in varyiDg degrees. Anesthesia is not sleep, but a state of unconsciousness brought about by the action of depressing drugs or conditions; at times there must be a danger of paralysis of the respiration and the circulation. The restoration of these vital processes is resuscitation. The fact must be recognized that the administration of an anaesthetic is a scientific and complex proceeding, which may demand more skill and entail greater responsibility than the performance of the operation. It must also be recognized that there are desperate conditions aggravated by the shock of surgical interference which may be beyond the capacity of the anasthetist to bring to a successful issue. But whilst this statement can be justified it must be conceded that many deaths are preventible; accidents arise partly from lack of proper knowledge of methods of resuscitation, and partly from delay in their application.
Resuscitation may be defined briefly as the restoration of the nervous and muscular activities of the body. These activities depend largely upon an adequate supply of oxygen and the removal of any excess of carbon dioxide. The exchange of gases may be interrupted in the following ways: (1) temporary paralysis of the nervous system owing to lack of oxygen or the actioln of anaesthetics; (2) paralysis of the muscles of respiration, generally secondary to paralysis of the nervous ,centres; (3) failure of the circulation of the blood.
Arrest of breathing may be due to mechanical obstruction, paralytic causes, or a combination of these. The airway may become inadequate owing, for example, to spasm of muscles, swelling, excessive secretion, the presence of a foreign body, or interference with lung expansion. Paralytic arrest of respiration may arise from (a) toxic effects, such as an overdose of anwsthetic, or (b) anoxeemic condition due to an insufficient supply of arterial blood caused by shock, change of posture, or the influence of the anesthetic on the cardio-vascular system. Failure of the ,circulation may be primary, dependent upon, for example, change of posture, -overdose, fibrillation, or secondary to embarrassed or arrested breathing. Artificial respiration will supply the needs of the nervous system and reduce the amount of the anaesthetic which is depressing the nervous centre; further, the alternate expansion and contraction of the lungs produce a mechanical effect by pumpinlg the blood, and a respiratory reflex if the medulla is excitable. This is the Hering-Breuer phenomenon, in which each expiration causes an inspiration. If the medulla has been paralysed by lack of oxygen or excess of carbon dioxide, this phenomenon can no longer be obtained by artificial respiration alone. The FEB.-AN2ESTH. 1 sensitivity of the respiratory centre in the medulla has been decreased and its threshold for carbon dioxide raised. It can, however, be increased and the threshold lowered to normal by an increase in the amount of carbon dioxide in the inspired air. This is quickly accomplished by artificial respiration combined with the administration of oxygen and of sufficient carbon dioxide to stimulate the centre.
The treatment of respiratory paralysis due to the action of drugs, volatile or non-volatile, which depress the centre is upon similar lines. If respiration has become very shallow, oxygen alone is insufficient to supply the needs of the nervous system. As early as 1910 Levi used mixtures of darbon dioxide and oxygen for the purpose of stimulating the centre in cases in which the effects of an.esthetics, of operative shock, or a combination of these causes had temporarily paralysed its activity. He obtained the best results with a mixture containing 15% carbon dioxide, and administered it on the appearance of the slightest tendency to failure of respiration or circulation. He recognized clearly the importance of prevention of the onset of respiratory collapse.
Henderson and Drinker, at the Centenary Meeting of the British Association for the Advancement of Science, stated that as a result of their wide experience in the resuscitation of newly-born children and of persons suffering from carbon monoxide asphyxia, a percentage of 7 was often found to be effective when one of 5 had failed. In some cases a percentage of 8, or even 10, was needed to stimulate an asphyxiated respiratory centre. It is clear that for the mixture of 5% or 6% carbon dioxide in oxygen commonly used in this country, one containing at least 7% should be substituted, and a cylinder containing a mixture of this strength should be available in every operating theatre. Too much emphasis can hardly be laid upon the value of carbon dioxide for resuscitation. It is the natural stimulus of the respiratory centre, is easy to give, and more effective than artificial respiration. Further, it exerts a powerful influence upon the tonus of the skeletal muscles and thus, by augmenting the venous return to the heart, improves the circulation.
Care must be taken when using mixtures stronger than 10%. A percentage of about 30 produces narcosis and death. The importance of having available a supply of carbon dioxide occurred in my practice during an operation for the removal of tonsils. The patient was elderly and had suffered for many years from a severe degree of myocardial degeneration. During enucleation under ether and oxygen; the airway being completely free, the respiration began rapidly to fail, and the radial pulse could no longer be felt. The head was lowered and the chest squeezed, but the pupils continued to dilate.
Carbon dioxide from the portable sparklet apparatus suggested by Dr. Whitridge Davies was then given whilst artificial respiration was continued, and almost immediately the breathing returned and the condition improved so rapidly that it was possible to complete the operation. This case demonstrates the value of carbon dioxide in restoring the circulation under most unfavourable conditions, and it is highly probable that its prompt use will reduce the number of cases in which a fatal result. has ensued in spite of what may be described as the more elaborate methods of resuscitation. Stress may well be laid here again upon the preventive teaching of Levi. In children resuscitation should present no difficulties. Failure of respiration is best treated by lowering of the head or partial inversion, and rhythmical compression of the chest, combined with the administration of carbon dioxide and oxygerl. In the adult Sylvester's method often fails to restore the respiration; the method gives inadequate ventilation, for during the inspiratory movement the diaphragm is elevated, and during the expiratory movement it is depressed. It is particularly inadequate in the obese and the elderly, and it is very fatiguing if continued for more than a few minutes. Howard's method is more efficient and less fatiguing.
The prone-posture method of Schafer produces the fullest ventilation of the lungs, and is the official method of resuscitation from asphyxia due to drowning or other causes in nearly all parts of the world. Unfortunately it is seldom applicable during an operation, as in the vast majority of cases it entails turning the patient into the prone posture, and imperils asepsis. Moreover, should it fail in restoring respiration and heart-beat and should some form of cardiac stimulation prove to be necessary, still further delay would arise. On the other hand, Schiifer's method can be performed by one person, it removes obstruction caused by the relaxed jaw muscles and tongue, and allows free drainage of mucus or fluids which may have gained access to the air passages. Its use, therefore, should be borne in mind in the event of acute respiratory obstruction arising under aneesthesia and dependent upon the presence of a foreign body. It is hardly necessary to point out that occasions may arise on which laryngotomy or tracheotomy may have to be performed and air forced into the lungs by inflation. Caution must be exercised against the use of undue violence during the performance of any of these methods of artificial respiration, for many cases of fractured ribs and of damage to internal organs have been reported.
Should the heart have ceased to beat, attempts to revive it must be made by massage, intra-cardiac injection of a drug, or puncture of the auricle or ventricle. Massage has been practised for many years. Its function is to stimulate the heart muscle by creating an artificial circulation in the coronary arteries, and to supply the central nervous system with blood. The route which is commonly employed is the subdiaphragmatic, and the heart is either rubbed or kneaded. Many successful cases have been reported. At a meeting of this Section in 1919, Daly, Powell, Apperly and myself reported cases, all of which I venture to think afford valuable lessons. Unfortunately, the majority of attempts at resuscitation by this method are unsuccessful. The route does not give good access, except perhaps in the case of the child, as only the apex is reached, and the heart tends to slip away from the hand in spite of counter-pressure by the other hand upon the chest. Bost restored the heart's action after subdiaphragmatic massage had failed, by incising the diaphragm, passing his hand into the left pleural cavity, and grasping and squeezing the heart. Coleman succeeded in producing a response by this method after subdiaphragmatic massage for half an hour had failed to elicit a beat. He states that the heart "could not be grasped or moved at all through the diaphragm because it was small . . and lying against the back of the chest wall." Norbury was unable to restore cardiac pulsation in 13 out of a total of 16 cases of subdiaphragmatic massage deliberately performed.
The movements of the hands when the heart is directly grasped are those of compression and not of massage; they effect two purposes, stimulation of the heart by pressure on the nerve ganglia at the base, and emptying of the ventricles, the blood being thereby propelled with more force and efficiency than by the subdiaphragmatic method. In order to prevent pneumothorax the parts are pressed round the wrist. Levy suggests that to prevent this risk whilst artificial respiration is being carried on, perflation of the lungs should be carried out, either by intubation or by the passage of an intratracheal catheter through which a controlled stream of oxygen is passed.
The rate of kneading or of compression should not exceed 30 or 40 to the minute, as the heart usually recovers but slowly in the case of an overdose, the first beats being feeble; there must be brief intermissions to allow it to recover. The first beats are as a rule not only feeble but irregular, and as a regular rhythm may not be established immediately, the heart should be stimulated from time to time until the beats become strong and regular. Petty has reported a case in which the heart failed within a few seconds after massage had produced a response; it was necessary to restart massage and continue it for another minute. Most observers are agreed upon the necessity of continuing massage at intervals until the maximal contraction has been obtained. The appearance of spontaneous beats may be much delayed. In a case reported by Ogilvie, massage was continued for 75 minutes before they could be obtained.
Artificial respiration must be maintained throughout until natural breathing is resumed. Success has been occasionally obtained without artificial respiration, but it is desirable to ensure the circulation of oxygenated blood.
Intra-cardiac injection of a drug has been frequently practised. Some authors advocate intra-pericardial, some intra-muscular injection; others insist upon the importance of placing the drug into the cavity of one of the ventricles, with a view to its rapid propagation through the blood-stream. It would seem, however, that the rationale of injection into a cavity disappears if the movement of blood has ceased; the amount injected, usually 1 c.c., is too small to be effective. A review of the literature reveals the fact that a correct aim is difficult; the right ventricle has often been punctured in an attempt to reach the left. V. de Velden found, postmortem, that the usual result of his attempt to reach a cavity was the injection of the drug into the muscle. Bodon and others recommend puncture in the fourth left intercostal space close to the sternal border; the heart is most safely and easily reached by this route.
Many drugs have been used for injection: caffeine, camphor, digitalis, strvchnine, strophanthin, adrenalin, pituitrin, metrazol, sodium thiosulphate. Bolton restored pulsation after cardiac arrest under ether by the injection of ether. Imerman revived an elderly patient who was moribund from insulin hypoglycaemia by the injection of a 20% dextrose solution; recovery was immediate.
Adrenalin is the drug advocated strongly by the physiologists. It stimulates the muscle of the heart by its action upon the sympathetic neuro-muscular junction. Gunn has shown that the mammalian heart, arrested by chloroform, can be restored by perfusion with adrenalin. It produces also a temporary rise in the blood-pressure which assists the recovery of the vaso-motor centre and the heart. He has suggested that in the case of arrested action in man the effect of adrenalin can be obtained by its injection into the external jugular vein, combined with cardiac massage. The artificial circulation produced by massage will force the solution "in time" to the heart. The injection of adrenalin has been much advocated and often practised by both physicians and surgeons. It would not, however, appear to be without danger. Johnson and Siebert, repeating the work of Fleisher and Loeb, have shown that myocarditis can be produced in rabbits by intravenous injection of adrenalin. Smirnow states that histological examination of the heart of dogs given intravenous adrenalin during chloroform anesthesia showed marked destructive changes in the bundle of His. Cleghorn and also Crile state that the injection of adrenalin into a cavity or into the muscle may produce fibrillary contractions.
It would seem unwise also to inject it when chloroform has been administered, owing to its tendency to cause fibrillation in the presence of this aneesthetic. In making this statement I am aware of the view advanced by Levy that adrenalin is not dangerous in the presence of deep chloroform anasthesia, but only in the initial stages and during recovery from this anesthetic. The experience of Jones contradicts this view; there can be no doubt that in his cases anwstlesia was of a depth which Levy has pronounced safe. Robinson and Bredeck state that strophanthin also predisposes the heart to fibrillation.
Since success has been attained with each of the drugs already mentioned, the question arises whether the result is due to the drug. Grave doubt must present itself if the problem is looked at in this way. It would appear as if the evidence that the clinician has to offer is convincing. There must be something more than the effect of the drugs, which are rnumerous and widely different in their actions, 'vhich has produced a response from the arrested heart, more particularly as arrest has usually been caused by the depressant action of chloroform. Is it possible that this "something more" is the mechanical stimulation of the muscle? Watson demonstrated in 1887, in twenty-two out of a total of sixty experiments on dogs killed by chloroform, that puncture alone of the heart was sufficient to start the beat. Some observers have noted a movement of the needle as it entered the heart. Bodon looks upon this as a good augury of success.
Glover, in reporting a successful case of resuscitation by massage, has suggested that the mere prick of a needle may be sufficient to restart the heart. Hyman, acting upon the view that the success of intra-cardiac injection depends upon the irritant action of the puncture rather than upon any specific action of the drugs, succeeded in reviving a patient, who had collapsed during ether anaesthesia, by puncture of the ventricle after all other methods had failed. He states that the arrested heart tends to become irritable and responds readily to any strong stimulus. The first beats are extra-systoles, which are usually succeeded by normal rhythm, but if the myocardium has suffered much damage during the period of anoxoemia arrhythmia may persist and develop rapidly into ventricular fibrillation. He suggests that the onset of ventricular fibrillation is the explanation of a secondary collapse after successful resuscitation.
Extra-systoles arising in the auricles, followed by auricular fibrillation, do not connote collapse or death; the condition is compatible with life. Further, the auricles are known to be more sensitive to stimulation than the ventricles. Reasoning upon these lines, Hyman punctured the auricle in four cases of patients who had died from various diseases. In two the results were successful, the heart-beat being restored in one for a period of seventeen minutes after complete standstill for nine minutes, and in the other, a case of mitral stenosis, for a period of eight days.
Hyman has now collected' forty-four cases in which auricular puncture has been performed. Four come within Meyer's Group I, the healthy asystolic heart. Two of these responded to this treatment, and are alive to-day. "The third case died about four hours after the heart was resuscitated, and the fourth case died about one hour after resuscitation from haemorrhage as the result of a compound fractured femur." Of the cases in Group II, i.e., hearts affected by local or general disease, eleven responded to auricular puncture.
To puncture the right auricle a slightly curved needle, 5 in. long, is inserted in the third right intercostal space close to the border of the sternum; it is directed downwards and towards the middle line. In children the auricle lies within about 2 in. of the anterior surface of the sternum; in adults the depth varies from 3j to 41 in.
Perhaps the most weighty reason for the large number of reported failures is delay in starting resuscitation. Failure does not arise because of inability to restart the heart-beat, although this is sometimes difficult. It is known that the beat may be restored after many hours of cardiac immobility; the heart retains its irritability and excitability for a prolonged period. By means of perfusion, Gunn has started the beat of an exsected heart of a stillborn child four hours after it was born. It was shown many years ago that the heart of a dog could be revived by ma3sage after being placed in snow for as long as 18 hours. Failure arises because of damage done to the cortical cells through the prolonged interference with their oxygen supply. It is difficult to state exactly how long the central nervous system can be deprived of blood without death of its tissues, but for practical purposes it is more than probable that if the beat has not been restored within five minutes, systemic death will almost certainly occur. Cases of successful resuscitation after periods of apparent standstill of 10, 11, even 14 minutes' duration have been reported. The time of cardiac arrest, however, is difficult to determine with exactitude; the absence of pulse and the impossibility of hearing the heart-beat do not necessarily mean that its action has ceased. Doubt must often anrise, and a healthy scepticism must be preserved when reading accounts of resuscitation after a prolonged period of cardiac arrest. On the other hand, some observers have definitely stated that the heart was found to be still and flaccid when palpated through the diaphragm, and it is clear that in other cases the appearance of the patient and the complete disappearance of muscular tone were good evidence of suspended cardiac function. Whatever the facts may be, the conclusion is irresistible that the patient nmust be given the benefit of the doubt, and that unnecessary delay in taking active measures to restore an effective circulation must be avoided, especially if chloroform has been used or the myocardium is known to be degenerated. Norbury found, in contradistinction to the unsatisfactory results of the delay of opening the abdomen in order to reach the heart, that immediate massage when the abdomen was open was quickly followed in several cases by restoration of the heart's activity. Since the resuscitation of patients moribund from some grave condition such as toxcemia or haTworrhage seldom meets with a favourable result, there is no object in prolonging attempts in these cases.
In Petty's case of resuscitation after arrest of 6' minutes, recovery was marked by somnolence lasting for 12 hours; in others, consciousness has never been regained, although respiration and circulation were restored for a considerable time. The case reported by Mollison to this Section in 1916 also enforces the lesson of the danger of prolonged interference with the cerebral blood-supply. The patient, a child, recovered after a period of cessation of the heart's action of at least 13 minutes, and probably longer, but the subsequent history showed that serious damage had been caused to the cortical cells. Symptoms of cerebral irritation continued for about two weeks, the child being unconscious during most of that time and being incontinent; he made subsequently a perfect recovery, but remained below the school standard for two years after the operation. Mollison states that for some moments after starting cardiac massage "there was no response, then some respiratory movements began and continued intermittently; the boy's colour improved and pupils contracted . . . still there was no attempt at heart-contraction." He suggests that this attempt at respiration was due to the slight artificial circulation produced, blood being driven to the medulla and stimulating the respiratory centre. This observation of his, and a similar observation by Fisher, agree with the statement of Gunn that, for the purpose of deciding whether the cells of the central nervous system are capable of complete restoration or not, the time can be calculated, not as from the start of spontaneous heart-beats, but as from the time of beginning massage. It must be remembered in this connection that massage, to be effective, must drive blood to the central nervous system. Proof of success in this direction is given by improvement in the colour and by contraction of the pupils.
Primary circulatory arrest due to ventricular fibrillation arises occasionally during light chloroform an2esthesia. This condition is entirely different from that of overdosage; it must be recognized at once, for the treatment is simple and effective if applied at once. Levy holds that the vast majority of fatalities during the early stage of chloroform administration are caused by ventricular fibrillation. This is not the occasion on which to discuss this much-debated question, but my own experience derived from many thousand administrations, personal or supervised, of chloroform or a mixture containing chloroform, leads me to think that Levy has overstated his case. The only occasion on which I have seen primary cardiac syncope due to ventricular fibrillation was towards the end of an operation, and as the details of these cases are of value they are given here:
A tall, overgrown youth of 18 had been under chloroform for about thirty minutes for an operation on the nose; the anesthesia had been of a medium depth and uneventful, circulation and respiration being satisfactory, although not strong. Towards the end of the operation the concenitration of the vapour was diminished and the anesthetic finally stopped, to prepare the patient for the removal of his tonsils. This case occurred in the days when the opinion was held that such an operation was more safely performed under very light anesthesia. The first tonsil was removed by the guillotine; at this stage respiration was vigorouis and a strong corneal reflex was present. The guillotine was then applied to the second tonsil, but during the course of avulsion the colour, which had been good, suddenly became pale, the pupils dilated widely, and three deep respirations of a gasping character and of succeeding weakness were taken. Respiration then ceased. The sequence of events, namely, sudden cardiac failure followed rapidly by respiratory failure, was so clear that the condition was recognized. The head was immediately lowered, and the chest squeezed vigorously. The pupils soon became smaller, and recovery was prompt.
Jones has reported three cases in which recovery followed very quickly upon inversion.
The outstanding feature in these cases is sudden pallor. Death is obviously not preceded by respiratory failure. The heart has failed not because it is overdosed, but because fibrillation has been produced. There is a spontaneous tendency for it to recover, but it is advisable not to wait too long for this to occur, for if the heart has become asphyxiated it can only be revived by direct massage. Sir Bernard Spilsbury has allowed me to use the notes of the following case: Young man, 27 years of age. Good general health. Chloroform given for removal of tmsils.
Operation had been completed when he suddenly became eyanosed and respiration ceased.
Pulse could not be felt at the wrist.
Artificial respiration was comlnienced at once and the surgeon opened the abdonmen and mllassaged the heart through the diaphragm, and later incised the diaphragm and squeezed the heart.
It was estimnated that cardiac massage was started not mlore than two imiinutes after the patient became cyanosed.
The heart was flaccid wi-hen it was handled at first, but about twenty minutes later it regained its tone. Ten minutes later the ventricle began to fibrillate and it continued to do so until about fifty-five minutes after manipulation of the heart had been commenced, when it suddenly began to beat normnally and powerfully and continued to do so for twenty-four hours, when it failed finally. The patient's colour improved as soon as massage was commenced and remained good until death. Natural breathing did not recommence and artificial respiration was maintained for the whole twenty-four hours. The patient also remained deeply unconscious throughout that titme.
Post-miorteni exraninination.-Brain congested. Heart cavities dilated. Muscle showed fatty degeneration microscopically. The manipulation of the heart had produced slight bruising of the outer surface of the left ventricle with a tear on the inner surface to which two small thrombi were attached. There was fatty degeneration of the liver. Thymuls gland present and weighed 1 oz. Lymph follicles enlarged in the small intestine.
The case would appear to me to be one of ventricular fibrillation. The signs are not identical in these cases, but the prominent sign is the suddenness of the circulatory failure. Cyanosis may be present, instead of pallor, on account of some slight difficulty with respiration, either during induction of aneesthesia, the cause being holding of the breath, or during recovery, the cause being the act of vomiting. If the sequence of events is closely observed it will be found that the pulse has disappeared before respiration has ceased. These cases which I have quoted illustrate well: (1) the importance of (a) correct diagnosis, (b) prompt treatment by inversion, and (2) the difficulty of restoring the heart-beat if treatment is not at once successful.
The nervous system and heart of a child apparently stillborn are more resistant to lack of oxygen and excess of carbon dioxide than is the case in the adult. Its lungs resemble a solid organ, and require inflating with air. The first essential before endeavouring to resuscitate a child suffering from asphyxia neonatorum, therefore, is to clear the air passages of fluid; pulmonary respiration can then usually be established. Fluid is best removed by means of posture or by stuction. Mouth-to-mouth inflation supplies sufficient oxygen and carbon dioxide if it is successful in filling the lungs with air, but it is more likely to inflate the stomach. Its use should be reserved for emergencies. Following the clearing of the air passages, the treatment differs according to the type of asphyxia from which the child is suffering. If blue asphyxia is present resuscitation should be easy, owving to the vigour of the circulation. As warmth increases the metabolism azid the excitability of the nervous system the child should be laid in a warm place and time given to it to start spontaneous breathing. Should this be delayed, cutaneous stimulation by cold water may be practised. It is erroneous to suppose that stimulation of the skin by douching is all-important; whether the child is born in arctic or tropical regions the tendency is towards spontaneous respiration. If douching fails, or if the heart-beat becomes feeble, artificial respiration by the method of Schaifer should be started.
In the case of a child suffering from white asphyxia it has to be remembered that the circulation is failing. The hold upon life of such an infant is feeble, and extreme gentleness in handling it is essential. Warmth is even more important than in the case of the blue child; gentle artificial respiration and, if it is available, the administration of a mixture of oxygen and carbon dioxide may meet with a favourable response. If these fail in establishing respiration and the pulse becomes more feeble, direct stimulation of the heart by auricular puncture should be attemDted.
In some cases white asphyxia is dependent not upon an injury and interference with the placental circulation during a difficult labour, but upon absorption from the mother's blood of a drug which has been used to diminish the pains of childbirth. Morphia and hyoscine are often used to induce the condition known as twilight sleep; chloroform is also frequently given for a prolonged period during labour. These drugs depress the respiratory centre both of the mother and of the child, with the undeniable result that the lives of some infants are endangered, for the resuscitation of a child born under these conditions may tax to the full the resources of the practitioner and his assistant at a time wben the demands of the mother upon their services may be imperative. To meet this emergency a mixture of oxygen and carbon dioxide should always be carried, or Davies's portable carbon dioxide apparatus.
To sum up:-
(1) There are many causes of respiratory and circulatory failure.
(2) The use of carbon dioxide and oxygen, both for their prevention, and, combined with artificial respiration, for their treatment is to be encouraged. A supply of this mixture should be at hand in all operating theatres.
(3) Effective ventilation must be maintained both during anesthesia and during resuscitation.
(4) Partial inversion is of value in the absence of asphyxia; it should be adopted at once for the treatment of primary circulatory syncope.
(5) If the action of the heart cannot be restored by these means, puncture of the auricle followed if necessary by direct massage should be performed.
(6) If the abdomen is already open subdiaphragmatic massage may be carried out; if not successful within two minutes direct massage must be undertaken.
Artificial respiration must be maintained throughout until natural breathing is restored.
(7) The time-factor is all-important. Circulation must be restored within five minutes of the time of arrest. The risk of sepsis incurred in opening the abdomen without preparation is to be ignored. If the objection is raised that this is a desperate remedy the answer is that death is a desperate state.
Discussion.-Dame LOUISE MCILROY expressed much interest in the description of the treatment of asphyxia in the newly-born as she had devoted some years to researches upon the subject. In the case of blue asphyxia, little anxiety was, as a rule, felt, as respiration became established, in most cases, as soon as the air passages were cleared of mucus. She employed a mucus catheter made from an ordinary rubber catheter and a part of a laboratory pipette. It was better than the metal instrument as the rubber could not damage the infant's mouth, and the glass bulb stemmed the passage of mucus before it reached the operator's mouth. Mucus could be sucked out of the mouth but insufflation was never employed owing to the risk of undue pressure, and also of sepsis, from the breath. The tube for suction was inserted in the infant's mouth, but it was not possible to insert it in its trachea.
In the case of failure in the establishment of respiration she applied a mixture of oxygen 95% and carbon dioxide 5% by means of a mask attached to a pressure-gauge water valve and cylinder. The amount of pressure was most important (8 in. of water) and such a gauge should always be used. Various forms of the apparatus were now used in the Obstetrical Unit of the Royal Free Hospital, the latest device being one which was fixed in the labour ward in a cupboard. It was now absolutely fool-proof and could be used bystudents or nurses. A portable apparatus was used in the case of the district patients. Asphyxia in some cases was caused by the first breath of the infant drawing in mucus or liquor amnii. A number of infants born alive required considerable effort in reviving owing to want of precaution in clearing out the mouth.
In her opinion, an infant should be kept warm immediately after delivery. No baths should be given and it should be cleansed with olive oil until separation of the cord had taken place. Artificial respiration, with the exception of gentle compression of the chest and tongue traction, should be entirely superseded by the administration of oxygen and carbon dioxide. Intracranial injury was the most frequent cause of white asphyxia. No adult suffering from similar accidental injuries would be treated with baths or by any method but the most complete rest attainable.
Mr. H. H. KENSHOLE described a case in which cardiac action ceased during the induction stage of chloroform and ether anoesthesia, preparatory to dental extractions.
By cardiac massage trans-diaphragmatically and the administration of oxygen and carbon dioxide (5%) natural respiration had been maintained for two hours, and even after a further two hours with artificial respiration the patient's pupils could be made to contract and his colour markedly to return by recommencing the above measures after withholding them for 30-40 seconds at a time. He (the speaker) asked when, under similar circumstances, an anesthetist was justified in giving up hope ? In view of the teaching of textbooks for dental students that dilatation of the anal sphincter was by reflex stimulation a potent method of cardiac resuscitation, would Sir Francis express his opinion upon the value of this procedure ? It appeared to him (the speaker) that puncture of the auricle by means of a needle acted physiologically by stimulation of the sino-auricular node or of the bundle of His; if this were so, would not puncture of either auricle be equally efficacious as that of the right atrium only ?
Dr. R. J. MINNITT said that a youth operated upon at the Liverpool Royal Infirmary for a very enlarged thyroid had been given an intratracheal gas oxygen ether anaesthetic from a McKesson miiachine. Part of the thyroid weighing 1 lb. 1 oz. was removed satisfactorily. At the end of the operation the catheter was withdrawn from the trachea, and soon after the patient showed signs of distress-cyanosis and expiratorv dyspncea being extreme. A gag in the mouth and the pulling forward of the tongue gave no relief. A mixture of about 5% carbon dioxide in oxygen was given for a short time at intervals of fifteen minutes for about an hour. The colour and breathing definitely improved after each administration. When the patient regained consciousness there was no nlore trouble, and he nmade an uninterrupted recovery. Dr. Minnitt thought the cause was collapse of the trachea.
Mr. C. LANGTON HEWER said that he doubted whether in " mouth-to-mouth " artificial respiration, much air passed into the stomach. In adults, at any rate, practically no leakage occurred, as could be demonstrated at any time by using considerable positive pressure in a face-piece when the abdomen was open. No dilatation of the stomach could be produced in these circumstances. Probably the most efficient form of artificial respiration was to pass one large rubber intubation tube filling the glottis, and to connect this to a bag and expiratory valve as in rebreathing intubation anesthesia. The lungs could then be rhythmically inflated and deflated with a carbon dioxide-oxygen mlixture, the intrapulmonary pressure being practically equal to that inside the bag. Mr. I. AW. MAGILL said definite establishment of a free air-way appeared to be of first importance, as some degree of respiratory obstruction was not infrequent in cases of respiratory failure during anaesthesia. This was best treated by direct-vision intubation. A laryngoscope and a catheter, or rubber tube for the purpose should be at hand in every operating theatre, as had long been the custom with the tracheotomy set. His experience of intubation in patients of all ages covered some fourteen years and he had not yet observed the untoward results referred to by a previous speaker. When intubation had been performed after respiratory arrest, it was not sufficient simply to blow oxygen into the trachea. Using low pressure, the norimal rhythm of respiration should be simulated. During the inspiratory phase the outlet should be obstructed by holding the nose and covering the mouth, thereby ensuring inflation of the lungs. During the expiratory phase the obstruction should be released and the ribs compressed. Continuous high pressure was unlikely to assist pulmonary circulation.
He referred to an apparatus seen at the Mayo Clinic which carried out artificial respiration automatically. It provided alternating positive and negative intrapulmnonary pressure and could be regulated to deliver any predetermuined volume of air or oxygen-carbon dioxide mixture. The negative pressure phase was held to be particularly important in assisting pulmonary circulation.
In emergencies carbon dioxide could be obtained froin an ordinary soda-water syphon. All that was necessary was to invert a full syphon, the gas being released by pressure on the stopcock with the syphon in this position.
Mr. H. E. G. I30YLE related the details of a case in which sudden collapse occurred in an adult patient during a mastoid operation under chloroform, after adrenalin had been poured into the wound to stop the bleeding.
Sir FRANCIS SHIPWAY (in reply) said he thought that dilating the anal sphincter would be of little value in the treatment of serious overdosage. The right auricle was easily reached by the route described in the paper. Cases of scabbard-trachea were rare. He gave the details of one which occurred many years ago, in which it had been necessary to re-insert the catheter after the patient had returned to the ward; the catheter was removed before consciousness had been regained, breathing again became embarrassed and was only relieved by again passing the catheter. Haldane, Henderson, and other physiologists had strongly condemnned artificial respiration apparatus which depended upon pressure and suction. The case mentioned by Mr. Boyle illustrated the danger of the combination of chloroform and adrenalin, and reinforced the lesson which he (the speaker) had endeavoured to drive homne.
